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SECTION  I 


INTRODUCTION 


The  objective  of  this  basic  research  effort  is  to  demonstrate  the  feasibility  of  a 
new  technology  for  all  solid  state  large  data  base  memories  for  airborne  'spacebo me 
applications.  The  program  scope  is  limited  to  demonstrating  the  feasibility  of  the 
device  functions  and  bit  density  capabilities  required  to  meet  the  system  goals  of 


Large  Data  Base  Memory  System  Goals 


Parameter 

Minimum  Goals 

Capacity 

1 01 2 bits 

Block  Size 

107  bits 

Access  Time  to  a Block 

10  ^ sec  read/write 

Reliability  (Untended  MT8F) 

10b  Hr 

Volatility  (Standby  Retention  Time) 

1 year 

Volume 

2 Cubic  ft 

Weight 

120  lb 

Power 

200  W 

In/Out  Data  Rate 

5 x 107  Bits'Sec 

Ambient  Temperatore  Range  (Operating) 

55°C  to  ♦125°C 

It  is  thi‘  goal  of  this  program  to  advance  one  technology  into  development.  Based 
on  an  evaluation  of  the  present  and  potential  capabilities  of  candidate  solid  state 
technologies  to  meet  the  Table  1 targets,  magnetic  bubble  domain  technology  has  been 
selected  as  the  one  to  be  pursued  on  this  program. 

The  proposed  approach  makes  use  of  small  bubble  materials,  self-biased  material; 
and  devices,  wafer  level  integration  using  hybrid  chip  designs  and  lineline  lithographic 
techniques  for  device  fabrication.  In  this  report  interval, emphasis  has  been  on  small 
bubble  materials  research  and  development  (Section  2),  analysis  of  self-biased 
structures  (Section  3),  self  biased  material  device  interface  studies  (Section  1)  and 
high  capacity  device  design  (Section  •'»).  A conceptual  study  of  a 1()'“  bit  system  is  in 
the  early  stages  (Section  <b. 


SECTION  II 


SMALL  BUBBLE  MATERIALS 


L. 


The  first  material  development  task  on  this  program  is  the  preparation  of  an 
improved  1 „m  bubble  composition.  In  order  to  establish  a valid  basis  for  the  evaluation 
of  this  new  material,  it  was  decided  to  grow  films  with  a target  stripwidth  of  2 urn  first, 
so  that  a direct  comparison  could  be  made  with  previously  developed  2 m bubble 
materials.  Once  an  improved  2 p m bubble  composition  was  developed,  the  melt  com- 
position would  be  adjusted  to  grow  1 pm  bubble  material.  During  the  past  half-year, 
three  compositions  have  been  evaluated  for  2 pm  bubbles  and  one  composition  has  been 
evaluated  for  1 pm  bubbles. 


The  major  material  parameter  requirement  for  the  formation  of  bubble  domains 
is  that  the  quality  factor  q be  greater  than  unity,  where  q is  defined  as 
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Ku  is  the  uniaxial  anisotropy  and  4ti.Ms  is  the  saturation  magnetization.  A low  value  of 
q (of  about  2)  permits  spontaneous  bubble  nucleation  to  occur  (causing  the  loss  of  stored 
information)  in  high  gradient  field  regions,  as  beneath  the  permallov  pattern  elements 
in  a field-accessed  device  or  beneath  a drive  conductor  in  a current-accessed  device. 
With  increasing  temperature,  Ms^  decreases  more  slowly  than  Ku  so  that  q decreases, 
l or  stable  device  operation  at  50°C,  device  studies  have  shown  that  a room  temperature 
q of  about  4 is  required. 


In  a garnet  film  with  a thickness  which  is  approximately  equal  to  its  bubble 
diameter,  the  saturation  magnetization  increases  with  decreasing  bubble  size.  Four 
pm  bubble  materials  have  4-Ms  values  of  200  to  300  G,  2pm  bubble  materials  have 
l~Ms  values  of  400  to  550  G and  lKm  bubble  materials  have  4 ~MS  values  of  GOO  to  800  G 
In  order  to  retain  q values  of  4 as  we  decrease  the  bubble  diameter,  wo  sec  from  the 
definition  of  q that  the  value  of  Ku  must  increase  rapidlv.  Thus,  for  4pm  bubbles  Ku 
must  be  0 to  14  K Erg  cnr!,  for  2pm  bubbles  Ku  must  be  25  to  18  K Erg  env’,  and  for 
lpm  bubbles  Ku  must  be  GO  to  100  K Erg  'cml  This  calls  for  increasing  Ku  by  a factor 
of  3 to  4 on  going  from  currently  used  4pm  bubble  material  to  2pm  bubble  material  and 
increasing  Ku  bv  a factor  of  7 to  10  on  going  from  4pm  bubble  material  to  lpm  bubble 
material. 


Ku  may  be  introduced  in  epitaxial  garnet  films  as  a consequence  of:  (1)  the 
inverse  magnetostriction  effect  caused  by  stress  between  film  and  substrate  due  to 


lattice  parameter  mismatch,  K ,u.  and  (2)  chemical  constituents  and  growth  conditions 
K( ’u.  Since  Kf,u  may  exceed  K‘  u by  a factor  of  10  or  more,  it  is  of  primary  concern 


for  increasing  q.  In  a practical  way,  at  present  we  are  limited  to  a few  guidelines  for 
controlling  Ku  in  films  that  we  grow.  First,  garnet  films  grown  bv  liquid  phase  epitaxv 
at  lower  temperatures  have  higher  K^'u  due  to  the  incorporation  of  Pb  from  the  flux,  and 
hence  must  be  grown  with  due  regard  to  film/substrate  lattice  parameter  mismatch 
considerations.  (Pb  is  a large  ion  which  expands  the  garnet  lattice  parameter  to  the 


extent  that  it  is  incorporated  into  a film.)  Second,  Sm  and  Eu  contribute  to  high  K' 


while  the  spherical  ions  Y,  La,  Gd,  Eu  and  Ga  act  as  diluents.  Third,  in  a mixed  rare 
earth  composition, the  greater  the  difference  in  rare  earth  size, the  greater  the  K(,u.  And 
fourth,  I\SU  should  be  as  large  as  practical  and  should  be  in  a sense  that  is  additive  to  Kt’ 
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The  small  bubble  compositions  we  have  worked  with  in  the  past  have  been  in  the 
systems  (YSm)3(I'eGa)50 12  ood  (YEuTm)3(FeGa)50j2-  Two  pm  bubble  compositions  in 
these  systems  have  Ku  values  in  the  range  of  20  to  30  K Erg /cm  , c|  values  in  the  range 
of  3 to  4 and  Neel  temperature  values,  Tjy,  in  the  range  of  135  to  155°C.  Since1  wc 
wanted  a material  with  a higher  Ku  and  a higher  I'y,  the  first  composition  chosen  was 
Yl.  8Smo.  2®‘r0.  2pao.  sf  e.j#  2^e0.  s0l2'  The  combination  of  Sm  and  Er  was  expected  to 
provide  a high  iv'u  as  in  the  earlv  bubble  composition  (EuEr)3(FeGa).-,0i2»  and  C’a-Gc 
substitution  was  expected  to  yield  a highe  r TN  than  Ga  substitution. 

A melt  of  this  composition  was  formulated  and  a number  of  films  were  grown. 

During  the  growth  of  a series  of  films,  the  concentrations  of  Ca  and  Ge  were  changed 
to  investigate  their  influence  on  Ku.  All  of  the  films  grown  from  this  melt  had  re- 
values in  the  range  of  205  to  215°C,  an  increase  of  00  to  70°G  over  previous  values. 

In  most  of  these  films  with  high  Ca  content,  normal  bubble  generation  techniques  for 
material  characterization  produced  hard  bubbles  and  valid  collapse  fields  could  not  be 
obtained.  After  ion  implantation  to  prov  ide  hard  bubble  suppression,  the  static  properties 
were  measured.  The  Ku  values  were  found  to  lie  in  the  range  of  7 to  33  K Ergs  env3 
with  q values  of  2.  1 to  3.  0,  except  one  which  had  a q value  of  4.  5.  The  Ku  and  q values 
were  lower  than  anticipated,  being  comparable  to  previouslv  grown  films.  We  found 
that  all  of  the  films  were  in  compressive  stress  which  caused  K^u  to  subtract  from  K(:u  . 
This  compressive  stress  mav  have  been  due  to  the  presence  of  Er  on  octahedral  sites. 

In  addition,  these  films  exhibited  high  coerciv  ities.  Thus,  it  was  concluded  that  this 
melt  formulation  was  not  adequate  for  small  bubble  material. 

In  the  interest  of  preparing  2 pm  bubble  films  with  larger  values  of  q,  a second 
melt  formulation  was  investigated.  Due  to  the  problem  of  high  coercivitv  in  the  Ca-Ge 
melt,  it  was  decided  to  develop  a Ga-subslituted  composition  with  suitable  properties 
first,  and  prepare  a Ca-Ge  composition  later  to  obtain  the  higher  l'j^.  The  composition 
selected  was  Y2  o^mo.  jErg,  gl'c. jGciOj2*  This  formulation  has  a greater  concentration 
of  rare  earth  ions  than  previouslv  studied  compositions,  which  should  increase  K(,u  and 
q but  decrease  pw,  the  wall  mobilitv.  For  preliminarv  small  bubble  device  work, 
however,  a high  q is  more  important  than  a high  ,.xv. 

A melt  of  this  composition  was  formulated  and  films  were  grown.  The  higher 
rare  earth  concentrations  in  these  films  vielded  slightlv  higher  q values  of  3.  1 to  5.  1, 
although  the  film  with  the  highest  q was  too  thick  (2.40  pm).  Due  to  the  disappointinglv 
low  values  of  Ku  from  the  Sm-Er  films,  work  with  this  system  was  terminated. 

In  light  of  the  large  K(,u  values  obtained  in  the  past  from  the  (YEuTm)3(FeGa)50j2 
and  (YGdTm)3(FeGa):-,Oj2  systems,  the  third  melt  composition  to  be  investigated  on  this 
program  was  Y2.  oSnlO.  5 1 mo.  5 Ee  t>  iGaggO^.  Here  we  have  substituted  the  smaller 
rare  earth  I'm  in  place  of  Er  of  the  previous  melt  composition  with  the  expectation  of 
a larger  value  of  q.  For  a stripwidth  of  1.  7 pm  and  a thickness  of  1.  7 pm,  this  com- 
position vielded  Ku  values  of  25  to  GO  K Erg  cm3,  q values  of  3.  4 to  5.  0,  and  4itMs 
values  of  435  to  530  G. 

Since  those  Ku  values  were  the  highest  we  have  realized  in  2pm  bubble  materials, 
the  melt  was  modified  to  provide  1pm  bubble  materials.  For  a stripwidth  of  1.0pm 
and  a thickness  oT  O.spni,  this  composition  yielded  Ku  values  of  25  to  54  K Erg  cm3, 
q values  of  1.7  to  2.',  and  IrM  values  of  GOO  to  (i<)  | (,. 


I 
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The  primary  objective  in  l he  materials  investigation  was  to  produce  films  with 
the  desired  properties  as  quickly  as  possible.  In  order  to  adjust  the  stripwidth  to  meet 
device  tolerances,  it  was  usually  necessary  to  make  several  additions  to  the  melt  after 
its  initial  formulation.  As  a result,  films  were  often  grown  at  a rapid  rate  from  a melt 
with  a low  or  a high  Hj  (iron  to  rare  earth  ratio),  so  that  the  ultimate  properties  for 
the  nominal  composition  were  not  attained.  Improved  film  properties  should  result  from 
reformulated  melt  compositions  which  have  preferred  values  of  Rj  and  normal  growth 
rates. 


In  characterizing  small  bubble  materials,  measurement  of  the  collapse  field 
becomes  very  difficult  because  (1)  contrast  is  poor  and  the  image  is  fuzzy  so  that  it 
is  hard  to  see  when  a bubble  collapses,  and  (2)  the  strip  splitter  on  our  characteri- 
zation station  is  unable  to  cut  the  domains  of  materials  with  high  -1ttMs  and  high  Ku. 

It  has,  therefore,  been  necessary  to  employ  a characterization  technique  which  is 
much  more  subjective  than  measuring  the  collapse  field:  1'he  bias  field  is  increased 

slowlv  until  smooth  contraction  of  the  stripes  ceases.  (Repealing  this  procedure  several 
times  gives  some  confidence  to  the  technique  but  it  has  considerable  uncertainty. ) This 
value  of  the-  bias  field,  Ilkj;ls,  is  used  in  conjunction  with  the  ratio  of  the  period  at  zero 
bias,  I'y,  to  the  film  thickness,  h,to  obtain  4tt.Ms  from  a plot  of  1 vs  I’o  h 

(Ref  1).  f ollowing  ion  implantation,  a few  bubbles  were  often  found  which  were  used  to 
make  collapse  field  measurements;  however,  this  type  of  bill  ble  (generated  during  ion 
implantation)  is  not  always  typical  of  bubble's  formed  in  a more  conventional  way.  When 
a spatial  filtering  station  (Ref  2)  for  small  bubbles  has  been  assembled,  we  will  be  in  a 
better  position  to  provide  reliable  characterization  data  on  small  bubble  materials. 


SECTION  III 


ANALYSIS  OF  SELF  BIASED  STRUCTURES 


One  accomplishment  which  would  aid  the  success  ol  this  program  is  the 
development  of  self-biased  devices  which  operate  reliably  over  an  extended  tempera- 
ture range.  To  this  end,  temperature-stable  self-biased  films  must  be  grown  first. 
However,  the  specifications  described  in  previous  articles  for  growing  such  films 
seem  to  be  somewhat  crude,  since  many  of  the  films  grown  thereby  tend  to  be  under- 
biased. It  is  thus  felt  that  for  successful  growth  of  temperature-stable  self-biased 
films  for  small  bubbles  a better  understanding  of  the  basic  physics  of  self-biasing  is 
necessary.  Accordingly,  we  have  carried  out  an  extensive  analysis  of  self-biased 
structures  which  will  be  discussed  in  this  Section. 


:S.  1 INTRODUCTION 


l .in,  ct  al  (Ref  3)  first  proposed  the  idea  of  internally  supplying  an  effective  bias 
field  to  stabilize  magnetic  bubbles  via  capping  domain  walls  formed  at  the  inf  M-face  of 
a bubble  film  and  an  additional  layer  which  is  exchange-coupled  to  the  bubble  film  and 
permanently  magnetized  opposite  to  the  bubble  magnetization.  They  demonstrated  partial 
replacement  of  the  bias  field  using  an  orthoferrite-metal  double-layer  structure.  Double- 
laver  epitaxial  garnet  films  having  capping  walls  were  grown  by  Bobeek,  et  at  (Ref  4) 
in  conjunction  with  their  work  on  hard  bubble  suppression.  Later,  l chishiba,  et  al 
(Refs  5 to  7f  grew  double-lavcr  epitaxial  garnet  films  with  their  material  parameters 
adjusted  to  full  self-biasing  and  demonstrated  operation  of  bubble  devices  without  an 
external  bias  field. 


Let  us  briefly  review  the  basic  theory  of  the  self-biased  structure  to  understand 
its  basic  mechanism.  Consider  a double  laver  film  as  shown  in  Figure  1.  If  the  bottom 
laver  (laver  It  has  an  extremely  high  anisotropy  field,  ( •>  4~MS  ol  either  laver), 

then,  once  saturated  in  one  direction,  it  will  remain  saturated  until  a field  higher  than 
ll^i  is  applied  in  the  opposite  direction'. 


SUBSTRATE 

Figure  1.  Double  Laver  Self-Biased  Bubble  Domain  Structure 

A nucleation  field  is  in  general  much  smaller  than  Ilj^i  at  the  edge  of  an  as-grown  wafer 
oi  of  a sample  mechanically  cut  from  a wafer.  However,  it  can  be  made  as  large  as  ll^j 
In  ehemiealh  etching  off  the  edges  (see  Section  IV). 


SECTION  III 


ANALYSIS  OF  SELF  BIASED  STRUCTURES 


One  accomplishment  which  would  aid  the  success  of  this  program  is  the 
development  of  self-biased  devices  which  operate  reliably  over  an  extended  tempera- 
ture range.  To  this  end,  temperature-stable  self-biased  films  must  be  grown  first. 
However,  the  specifications  described  in  previous  articles  for  growing  such  films 
seem  to  be  somewhat  crude,  since  many  of  the  films  grown  thereby  tend  to  be  under- 
biased.  It  is  thus  felt  that  for  successful  growth  of  temperature-stable  self-biased 
films  for  small  bubbles  a better  understanding  of  the  basic  physics  of  self-biasing  is 
necessary.  Accordingly,  we  have  carried  out  an  extensive  analysis  of  self-biased 
structures  which  will  be  discussed  in  this  Section. 

;i.  1 INTRODUCTION 

Liu,  et  al  (Ref  3)  first  proposed  the  idea  of  internally  supplying  an  effective  bias 
field  to  stabilize  magnetic  bubbles  via  capping  domain  walls  formed  at  the  interface  of 
a bubble  film  and  an  additional  laver  which  is  exchange-coupled  to  the  bubble  film  and 
permanently  magnetized  opposite  to  the  bubble  magnetization.  They  demonstrated  partial 
replacement  of  the  bias  field  using  an  orthoferrite-metal  double-laver  structure.  Double- 
layer epitaxial  garnet  films  having  capping  walls  were  grown  by  Bobeck,  et  at  (Ref  4) 
in  conjunction  with  their  work  on  hard  bubble  suppression,  letter,  I’chishiba,  et  al 
(Refs  a to  71  grew  double-laver  epitaxial  garnet  films  with  their  material  parameters 
adjusted  to  full  self-biasing  and  demonstrated  operation  of  bubble  devices  without  an 
external  bias  field. 

Let  us  brieflv  review  the  basic  theory  of  the  self-biased  structure  to  understand 
its  basic  mechanism.  Consider  a double  laver  film  as  shown  in  Figure  1.  If  the  bottom 
laver  (laver  li  has  an  extremely  high  anisotropy  field,  ( >>  4ttMs  of  either  laver), 

then,  once  saturated  in  one  direction,  it  will  remain  saturated  until  a field  higher  than 
11)^]  is  applied  in  the  opposite  direction  . 


Under  these  conditions,  a bubble  domain  in  the  top  laver  (layer  2)  will  be  capped 
with  a domain  wall  at  the  interface  of  the  two  las  t i s.  Then,  a bubble  domain  with 
diameter,  d,  in  laser  2 of  thickness,  ha,  and  saturation  magnetization,  Ms2>  'n,s  llu 
energy  of  the  form 
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where  II j >,  axva,  and  nrc  the  external  Idas  field,  the  wall  energs  density  of  laser  2, 

and  the  energs  densits  of  the  capping  wall,  and  FI-^  is  the  magnetostatic  energy  of  the 
bubble.  Note  the  same  dependence  on  d of  the  first  term  (Zeeman  energy)  and  the  last 
term  (capping  wall  energs).  Taking  the  partial  derivative  of  Ey  with  respect  to  d yields 
the  force  stability  condition 
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where  K(  d I12)  is  the  Thiele  force  function,  (Ref  8)  ,’2  = ayv2  1 " M s 2“  :lnc* 

'12  lTss  12  *”-^s2“  U *s  Ss’en  from  Eq  (2)  that  the  capping  wall  energs  prosides  a 
normalized  effective  bias  field  of  magnitude  >12  2T19.  In  order  for  this  structure  to 
support  stable  half  bubbles,  the  wall  energs  density  of  layer  1,  tw},  must  be  higher 
than  that  of  laver  2,  aw2,  since  otherwise  the  capping  \va  1 1 will  penetrate  into  laser  1 
and  eventually  punch  through  from  the  laser  1 laser  2 interface  to  the  substrate.  Under 
the  condition  . <rir2>  the  capping  svall  forms  inside  las  er  2 and  its  energy  density  is 

assumed  equal  to  that  of  laver  2,  (Ref  •">,  0,  7,  and  9)  i.  e. , 0-9.  Thus,  dropping 

the  suffices,  the  normalized  effective  bins  field,  II,  p l~ ,MS  mas  be  written  as  t 2h. 

It  should  be  noted  that  if  an  additional  biasing  laser  is  placed  on  top  of  the  bubble 
supporting  laver  of  figure  1,  the  biasing  power  is  exactly  doubled.  'Thus,  the  effective 
bias  field  can  be  wriltin  in  more  general  form  as 
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where  b = 1 for  the  "single  biased"  case  and  b 2 for  the  "double-biased"  case.  This 
relation  is  plotted  in  I igure  2 for  the  single  biased  case  (b  1)  along  with  the  bubble 
stability  range  as  a function  ■ >!  h It  can  be  seen  from  f igure  2 that  full  self-biasing 

can  onls  be  achieved  for  2.  • > h 2. 

The  implications  of  the  abose  discussion  are  that  the  properties  of  the  self-biased 
bubble  depend  strongly  upon  those  ol  i!i  capping  domain  wall.  Curiously  enough,  however, 
the  nature  of  the  capping  wall  has  not  be<  n discussed  in  the  literature,  obviously,  the 
structure  of  the  capping  wall  is  of  "head-on"  type.  \s  a consequence,  its  energy, 
therefore,  its  biasing  effect  might  be  appr<  eiab|v  different  from  that  of  the  1st)  deg 
wall  of  Block  type.  In  fact , there  are  some  1 xperimenlal  results  that  mat  be  attributed 
to  this,  for  example,  double  later  films  grown  according  to  the  above  specifications 
(i.c. , assuming  <rw  l2  'w2*  ll  nd  to  *"  underbiased  (Ref  >•.  Thus,  it  is  felt  that  in 
order  to  successfulh  grow  h mpi  ratlin  si  abb  self-biased  tilms,  the  nature  of  the 
capping  wall  should  I >«  studied  lirst. 

In  the  following  S'  ction,  we  will  look  into  ttie  structure  of  the  capping  wall  and 
rlerit  e its  wall  energy . ( )n  the  basis  ot  tldsai  T sis,  we  will  then  discuss  the  conditions 

under  which  si  If-biasid  bubbb  s can  b<-  st  ibili/ed. 
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1 i ii'Li rt • 2.  Stability  Condition  tor  Self- Blast'd  Bubble  Domain 
3.  2 STIUTTl  UK  AND  liXBRC  V < > I I'HK  ( A PPINC.  \VA  I I 

It  is  seen  from  Figure  I that  the  capping  wall  is  of  the  head-on  typo.  Since  the  bubble 
is  a cylindrical  domain,  the  capping  wall  must  have  a radial  symmetry.  This  means 
that  the  component  ot  the  i lagneti/at ion  vector  in  the  plane  of  the  wall  varies  its  direction. 
As  long  as  the  thickness  ot  the  wall  is  small  compared  with  the  radius  of  the  bubble, 
however,  the  exchange  energy  associated  with  this  angular  variation  is  negligible.  It 
is  also  suggested  that  the  capping  wall  has  some  curvature  (Bet  D.  This  is  presumably 
due  It)  a st  rong  radial  strat  tield  at  the  edge  ot  the  bubble  where  the  capping  wall  must 
be  smoothh  connected  to  the  vortical  wall.  I he  olfeet  ot  this  radial  stray  field  seems 
to  be  to  increase  the  thickness  of  the  capping  wall.  Thus,  the  wall  curvature  mat  be 
more  appropriately  termed  as  radial  thickness  variation.  In  anv  case,  however,  its 
' fleet  mat  be  neglected  again  as  long  as  the  radius  ol  the  capping  wall  is  much  larger 
than  its  thickness.  I hus,  in  view  ol  the  tact  that  the  capping  wall  is  formed  inside 
In  r 2,  the  capping  wall  mat  be  approximated  lit  a head-on  domain  wall  in  an  infinite 
medium  as  shown  in  I igure  3,  in  which  Hie  east  axis  is  coincident  with  the  / axis 
l-'I/.  ^Is  at  / i and  tin  wall  lies  in  the  xv  plane.  As  discussed  above  the  variation 
ol  the  magnetization  vector  in  tin  xv  plane  is  neglected  and  its  / component,  Ms  cos  0 , 
is  assumed  to  depend  onlt  on  z. 

I nder  the  above  assumptions  the  energy  per  unit  area  of  the  wall  is  the  sum  of  the 
exchange,  anisotropy,  and  magnetostatic  energies  and  given  bv 


+ K sin-G  + 2AL"  cos”  6 


Figure  3.  Model  for  Capping  Wall  Structure 


where  A and  Ku  are  the  exchange  and  uniaxial  anisotropv  constants,  respectively.  II 
is  noted  that  the  integral  does  not  have  a finite  value  since  the  magnetostatic  energy  is 
2~MS“  at  z = - x.  However,  this  infinite  value  of  the  magnetostatic  energy  is  not  a 
problem  at  all.  This  point  can  be  made  apparent  bv  rewriting  the  last  term  of  Eq  (It 
as  2”MS“  (1  stn-Gl.  Equation  (4)  then  becomes 


Obviouslv,  it  is  the  last  term  that  makes  the  wall  energy  infinite.  The  last  term,  which 
is  independent  of  the  magnetization  dist  ribution  of  the  wall,  is  the  magnetostatic  energy 
of  a uniformly  magnetized  medium.  In  our  double  layer  film  for  which  z is  terminated 
at  the  surface,  this  magnetostatic  energy  of  course  has  a finite  value  and  corresponds 
to  the  demagnetizing  energy  of  the  film,  formation  of  bubble  or  strip  domains  greatly 
reduces  this  energy.  In  other  words,  going  from  the  infinite  medium  of  Figure  3 to 
the  finite  medium  and  finite  domain  size  of  Figure  1,  this  energy  is  carried  along  in 
the  form  of  the  magnetostatic  energy  of  the  bubble.  Consequently,  the  capping  wall 
energy  can  be  defined  as 


Note  that  Eq  (5)  has  the  same  functional  fopu  as  that  of  the  energy  of  the  simple  TsO  deg 
Block  wall  with  Ku  replaced  by  Ku  - 2ttMs“.  Thus,  the  minimization  condition  yields 

17 wl2  = 4 'T A (Ku  - 2nM82) 


Now  the  effective  bias  field  should  be  modified  to  include  the  above  factor.  Hence 
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The  implication  of  this  result  is  twofold.  First,  the  effective  bias  field  is  reduced  bv 
the  factor  (1  - 1 q)1  2,  e.  g. , 10  percent  for  q = This  probablv  explains  the  tendenev 
of  mam  films  grown  under  previous  specifications  (assuming  q -cot  to  be  underbiased. 
Secondly,  this  factor  gives  rise  to  an  additional  temperature  dependence,  finis  th.  statu 
stability  and  temperature  dependence  of  self-biased  bubbles  must  be  reconsidered  on 
tile  basis  of  this  new  result. 


3.3  STABILITY  OF  SK I .F- BIAS  FI)  BFBBFKS 

The  effective  Idas  field  given  bv  Eq  (71  is  plotted  in  Figure  I for  the  single-biased 
case  (b  11  for  q = x and  q = 1.  For  q -co,  the  effective  bias  field  is  unchanged  trom 
the  simpler  expression.  Ft,  (3).  For  q < 10,  however,  the  full  biasing  condition  is 
considerable  different.  For  q 4,  for  example,  the  range  of  h l for  stability  is 
between  2.  25  and  2.  7.  In  practice,  both  i‘  and  q are  temperature  dependent,  making 
tlie  stability  range  even  narrower.  In  the  following,  we  discuss  stability  conditions  for 
self-biased  bubbles  with  temperature. 


The  stabi'itv  equation  for  the  self-biased  bubble  is 
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If  we  use  Gallon  and  .Joseph’s  approximate  expression  (Bet  10)  for  the  magnetostatic 
force  term,  F (d'h),  we  can  solve  Fq  (Si  for  the  bubble  diameter  as  a function  of  . and 


where  a - (1  - 1/q)1  2 and  b is  the  number  of  capping  walls  per  bubble,  this  n lation 
is  plotted  in  Figure  5 with  q as  a parameter  for  h l (single-biased)  and  b = 2 (double 
biased). 


I.et  us  look  at  the  single-biased  case  first.  If  q is  constant,  d varies  with  « along 
a solid  line  with  constant  q,  e.  g.  , line  BA  for  q 10  or  line  IK’  for  q I.  "n  the  other 
hand,  if  l is  constant,  d varies  along  a vertical  line,  e.  g. , line  1)1  or  line  \F.  It 
both  i and  q vary,  d will  exhibit  a complicated  locus.  For  example,  if  q varies  from 
10  to  I and  £ h varies  from  0.414  to  0.353,  d7h  will  follow  locus  AD. 


In  order  to  obtain  a real  feeling  as  to  how  the  bubble  diameter  varies  with  i and 
q,  we  have  tabulated  d-p  — |rj.  in  Table  2 for  various  loci  assuming  the  temperature 
variation  is  from  0°C  to  50°G  for  both  the  single-biased  and  the  double-biased  eases. 
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I.ct  us  no'  discuss  what  1 1 > • optimum  material  parameters  would  be  lor  temperature- 
stable  self '-biasing.  Consider  the  single  biased  ease  first,  for  h . = 2.5,  the  stable 
bias  field  range  is  -0.07  \ la.Ms.  Thus,  for  l~Ms  =300  C>,  the  stable  bias  field  range 
is  about  20  ()e.  In  a field  accessed  bubbl  d>>v  iec,  typically  the  elements  of  the 
permalloy  overlav  provide  a nega  ive  bias  field  of  10  < le.  Thus,  if  the  sell  biasing 
condition  is  -1  osen  sue  i that  fin  ( nibbles  a 'c  "ffcctivelv  biased  i.i  the  v icinity  of  their 
collapse  (along  line  AC  it  f igures  2 and  5)  the  negative  field  from  lie  permallov 
overlay  will  bring  the  trapped  bubbles  it  o the  middle  of  the  stability  range.  If  1ttMs 
is  conside rablv  higher  than  300  C,  i.  , if  the  stable  bias  range  is  eonsidcrablv  wider 
than  20  Oc,  the  above  condition  will  produce  overbiasing.  In  other  words,  a negative 
bias  field  from  the  elements  of  the  permallov  overlay  will  not  be  sufficient  lo  bring 
trapped  bubbles  into  tin  midpoint  of  the  stability  range.  In  this  case,  the  biasing 
condition  should  be  chosen  such  that  free  bubbles  are  effect ivelv  biased  along  a line 
nearly  parallel  to  line  AC  but  somewhat  inside  the  stability  range.  A similar 
situation  is  encountered  in  the  double-biased  case  when’  the  stable  bias  range  is  wider 
(-0.1  x i"Ms  instead  oi  ~ 0.  07  \ t-M^i.  Nevertheless,  choosing  the  material 
parametc  s so  as  to  follow  the  collapse  line  is  extremelv  uselul  for  determining  the  optimum 
tempi  rature  coefficients  of  <’  and  q,  since  they  are  unchanged  as  long  as  the  material 
parameters  follow  a line  parallel  to  line  AC.  Thus,  let  us  assume  that  the  man  rial 
parameters  are  chosen  lo  follow  tin  collapse  line  AC. 


The  material  parameters  to  meet  the  above  condition  can  be  obtained  by  solving 
Ki|  (S)  for  the  point  ol'  bubble  collapse.  The  results  are 
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where  d0  is  the*  collapse  diameter  of  the  self-biased  bubble,  liquation  (11)  is  plotted 
as  a function  of  1 q in  Figure  (>  alone,  with  h < which  is  the  reciprocal  of  Kq  (10).  As 
can  be  seen  from  Figure  <>,  thi-  diameters  (tuned  to  free  bubble  collapse)  do  not  varv 
appreciably  for  reasonable  variations  of  q.  For  example1,  then  increase  less  than 
20  percent  over  2 y c|  1 -o. 


The  temperature  coefficients  of  t and  e]  to  satisfy  the  above  condition  (10)  can  be 
obtained  by  differentiating  it  w ith  respect  te>  T.  The  result  can  be  w ritten  in  the'  form 
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The  coefficient  Cf>  is  plotted  in  Figure  7 as  a function  of  1 q.  Of  course,  q is  related  to 
, through  Eq  (10),  which  we  have  plotte’d  in  Figure  6.  It  is  seem  from  f igure'  7 that  e l- 
and t |-j-  must  have  opposite  signs  and  that  t'-j-  must  be  less  than  two  te  nths  of  q,_ 
for  q > 2. 

Thus,  we  have  established!  a more  rigorous  phvsieal  basis  upon  which  se  lf-biase  d 
films  can  be  prepared. 
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SECTION  IV 

SELF  BIASED  MATERIALS  AND  DEVICES 


In  the  proceeding  section  we  have  derived  a more  rigorous  expression  for  the 
effective  bias  field  of  the  self-biased  structure.  On  t lie  basis  of  tin's  we  have  discussed 
conditions  for  temperature-stable  sell-biasing.  During  the  next  six  months  we  will  grow 
self-biased  films  according  to  the  specifications  we  have  derived  and  examine  their 
validity.  In  the  meantime,  however,  several  film  samples  designed  to  support  self- 
biased  bubbles  of  -1  pm  diameter  have  been  grown  on  a company  IR&D  program.  It 
was  decided  that  an  evaluation  of  these  films  using  conventional  1(S  pm  period  device 
structures  would  be  carried  out  on  this  program  to  provide  baseline  data  from  which 
to  devise  small  bubble  self-biased  compositions  and  to  design  improved  propagation 
structures. 

Previous  studies  in  .Japan  (Ref  (i),  which  w i re  confirmed  in  our  laboratory,  show  ed 
that  it  is  necessary  to  isolate  areas  of  the  self-biased  film  in  such  a fashion  that  there 
is  no  residual  damage  to  the  edges  of  the  biasing  layer.  Pnless  this  is  done 
one  cannot  achieve  a stable  saturated  (single  domain)  state  in  the  bias  layer.  Several 
processing  methods  were  considered  and  candidate  approaches  were  selected  for 
evaluat  ion. 

An  experiment  was  conducted  to  determine  if  the'  required  isolation  of  islands 
(device  areas)  of  the  magnetic  garnet  film  could  be  achieved  solely  by  chemical  etching 
rather  than  by  mechanical  sawing  followed  by  a damage  removal  etch.  A wafer  with  a 
single  film  of  normal  bubble  domain  material  was  coated  with  -1  . m of  sputtered  SiO,,. 

A grid  pattern  of  "streets  and  avenues"  was  then  opened  in  the  Sit).,  layer  bv  conventional 
photolithographic  techniques.  This  left  a pattern  of  Si()_.  islands  on  to])  of  the  garnet 
film.  The  wafer  was  then  etched  in  hot  phosphoric  acid  using  the  SiO.,  as  an  etch  mask. 
Many  of  the  garnet  film  islands  formed  by  this  technique  can  be  placed  in  a saturated 
(single  domain)  state  so  that  this  approach  should  indeed  be  suitable  for  use  with  the 
double  layer  self-biased  films.  An  example  of  the  garnet  film  island  formation  des- 
cribed above  is  shown  in  Figure  x.  In  this  photograph  it  can  be  seen  that  one  of  the 
islands  is  in  a saturated  (single  domain)  state  and  the  other  one  is  in  a demagnetized 
(multidomain)  state.  The  double  and  triple  layer  film  samples  in  which  we  hoped  to 
obtain  self  biased  bubbles  of  i pm  diameter  for  device  evaluation  have  been  etched  in 
the  same  fashion. 

Difficulties  in  characterization  of  self-biased  films  have  arisen  and  the  sources 
of  problems  analyzed.  The  procedures  used  for  single  layer  films  rely  on  measurement 
of  film  thickness  (h),  zero  field  stripwidth  (w),  collapse  field  (Il0)  and  Neel  Temperature 
(T\).  For  the  samples  shown  later  in  Table  3,  the  bubble  material  film  thickness  is 
only  about  1 to  3 times  the  biasing  layer  thickness.  Hence,  normal  optical  spectro- 
photometer measurements  cannot  be  used  to  extract  the  separate  layer  thicknesses. 
Measurement  of  bubble  collapse  presents  no  real  problems,  except  that  the  theory 
must  be  modified  to  include  the  effective  field  from  the  biasing  layers.  Measurement 
of  zero  field  stripwidth  will  not  yield  the  usual  information  because  of  the  biasing 
layers.  Finally,  one  can  readily  measure  I \-  for  sell  biased  layers,  but  in  the  case 
of  such  films,  h,  w,  lln,  and  l\-  will  not  yield  q as  it  does  for  single  layer  films. 
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Figure  s.  Islands  of  Garnet  Film  Isolated  by  Chemical  Etching 


One  can  see  both  how  the  problem  arises  and  the  solution  to  the  problem  by  the 
following  theoretical  considerations.  Suppose  we  have  measured  h bv  progressively 
measuring  the  film  thickness  as  the  composite  structure  is  grown.  Now  for  single 
layer  films,  one  would  next  measure  w which  leads,  with  the  known  value  of  h,  to  the 
value  of  1.  This  can  be  done  because  the  total  energy  per  unit  area  for  an  array  of 
stripe  domains  is  given  by 


where  Eu  is  the  wall  energy,  K,,  is  the  Zeeman  energy  and  L'n  is  the  demagnetizing 
energy. 

Minimizing  E.,  for  a single  layer  film  leads  to  the  analytic  result  relating  i\  w 
and  h.  The  problem  in  the  case  of  the  biasing  layer  arises  from  the  need  to  include 
another  wall  energy  term.  The  net  effect  is  to  add  a term  to  the  total  energy  which  is 
an  effective  field  (ab"w/2hMs)  where  a and  b have  been  defined  in  the  previous  section. 
We  can  use  the  Kooy  and  Knz  (Ref  lit  results  by  simply  replacing  II,,  in  their  equations 
/ aba  \ ab(rw 

by  I llj,  - • The  net  result  is  that  if  we  apply  a field  lleff  which 

'“‘s'  s 

cancels  the  biasing  effect,  we  can  use  the  Fowlis  and  Copeland  results  (Ref  12)  to 
calculate  t from  u and  h.  The  collapse  field  (II0),  t,  h and  Mg  are  related  by 
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TABLE  3 

Characterization  Data  on  Multilayer  Films 


Where  the  upper  sign  corresponds  to  the  case  in  which  the  capping  wall  is  formed  out  side 
the  bubble,  thus  the  effective  bias  field  is  subtractive  from  the  external  bias. 


The  explicit  appearance  of  q in  this  expression  and  the  previous  one  prohibits  us 
from  calculating  IttM  for  finite  q values.  The  only  alternative  is  to  assign  a value  to 
q or  to  make  an  additional  measurement  involving  only  t,  h,  -IcW  and  q. 

The  additional  measurement  is  obviously  satisfied  by  a measurement  of  the  field 
applied  to  give  M O for  the  bubble  film.  Since  M O corresponds  to  a maximum  intens- 
ity for  the  first  order  diffraction  from  a stripe  domain  film,  it  seems  natural  to  use  the 
spatial  filtering  characterization  (SIX')  technique  (Ref  2)  to  optoelectronieally  extract 
i i c j j'-  To  obtain  variable  temperature  data,  it  will  be  necessary  to  construct  a SFC 
apparatus  with  low  and  high  temperature  capabilities.  We  are  presently  evaluating 
plans  for  t lie  implementation  of  this  project.  From  the  characterization  point  of  view  , 
there  are  several  advantages  to  sueli  a tool.  One  can  easily  extract  w,  I ! 0f f , and  Ms 
from  the  position  and  field  dependences  of  the  1st  and  2nd  order  diffracted  waves  with 
quite  high  precision  and  eliminate  measurement  of  ll(). 

The  only  quick  cure  for  obtaining  characterization  data  is  to  assign  q a value  and 
extract  Ms.  We  have  tentatively  chosen  q 5 (this  seems  more  realistic  than  q °)  and 
analy/v  i the  data  at  0,  25  and  50°C  for  three  multilayer  self-biased  samples,  l)-27, 
l)-2s,  uni  T2(i.  R-27  and  I)-2s  are  double  layer  films  with  a biasing  layer  at  the 

bottom.  I — 2d  is  a triple  layer  film  with  a biasing  layer  at  the  bottom  and  a planar- 
magnetic  layer  on  top.  Also  given  in  Table  3 are  t/2h  and  II^rf/t^Mg.  1 Icff  was  meas- 
ured by  applying  a bias  field  so  as  to  make  equal  the  widths  of  the  strip  domains  magne- 
tized in  the  opposite  directions  (M  <>).  This  measurement  is  not  as  accurate  as  the  M O 
measurement  by  the  SFC  technique.  Nevertheless,  the  fact  that  II  is  slightly 

smaller  than  t '2h  for  the  two  double  layer  filing  seems  to  support  our  theory  that 
Il(  ,f|' s' I "Mg  is  the  product  of  i/  h and  (1  - 1/q)  ' T-2G  seemingly  contradicts  our 
theory.  Rut  this  discrepancy  mav  be  attributed  to  a possible  bias  effect  from  the 
planar-magnetic  layer  and  or  incorrect  material  parameter  values  which  were  obtained 
without  taking  account  of  the  effect  of  the  planar- magnetic  layer. 

Processing  steps  have  begun  to  fabricate  20K  bit  devices  on  the  above  three 
samples. 
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SECTION  V 


HIGH  DENSITY  CHIP  DESIGN 


The  basic  hybrid  chip  organization  has  been  described  in  a recent  paper  (Ref  I ;h 
and  the  composite  chip  concept  is  summarized  in  a second  paper.  (Ref  14). 

To  reduce  these  concepts  to  practice,  there  are  several  design  aspects  to  be 
evaluated  first.  These  include  the  interface  element,  I/O  expansion  circuit,  decoder 
and  transfer  switches,  and  on-chip  correction  scheme.  These  arc  separately  described 
in  the  following: 

1 INTERFACE  ELEMENT  DESIGN 

The  key  clement  for  the  large  capacity  chip  through  mask  composition  relies  on 
the  interface  element  between  adjacent  patterns.  The  amount  of  tolerable  geometry 
distortion  in  these  patterns  determines  the  minimum  circuit  period  that  can  be  allowed 
under  certain  mask  composition  accuracy.  The  effect  of  geometry  distortion  will  be 
studied  by  test  circuits  with  controlled  distortion.  An  example  is  shown  in  Figure  0. 

It  consists  of  a number  of  straight  propagation  paths.  Each  path  is  20  periods  long 
and  connected  to  the  adjacent  path  through  interface  elements.  I5v  controlling  the 
relative  placement  of  these  paths  the  geometry  distortion  due  to  mask  composition 
misalignment  can  be  simulated  and  thus  can  be  evaluated  through  propagation  margin 
measurement. 

The  circuit  shown  in  Figure  9 consists  of  lo  gm  period  C elements.  The  simu- 
lated misalignment  is  2 pm  in  both  N and  V axis.  Visual  observation  of  propagation 
on  these  circuits  shows  that  bubbles  can  tolerate  this  type  of  geometry  distortion  with 
little  margin  degradation.  A quantitative  measurement  will  be  made  later. 

Several  new  test  patterns  arc  being  designed  including  the  asymmetric  half  disk 
circuit  design.  The  circuit  will  be  in  a closed  loop  form  instead  of  a straight  line  so 
that  the  propagation  margin  data  can  be  taken  more  accurately'  than  that  for  a straight 
path. 


.1.2  I/O  EXPANSION  CTECTTI' 


As  the  circuit  period  is  scaled  down  it  was  found  that  the  control  currents  approxi- 
mately remain  the  same.  Thus  for  small  bubble  circuits  the  current  density  in  the 
control  elements  becomes  the  major  limiting  factor.  To  ease  this  restriction,  it  is 
proposed  to  expand  the  circuit  period  in  the  I/O  section. 

It  was  observed  in  the  replicating  type  generator  that  the  seed  bubble  can  travel 
around  the  periphery  of  a disk  or  square  clement  at  much  higher  speeds  than  through 
a T-bar  type  propagation  circuit.  Thus,  it  is  possible  to  propagate  bubbles  on  circuits 
with  periods  much  greater  than  the  nominal  criterion  of  four  times  of  the  bubble 
diameter  provided  the  potential  well  under  the  circuit  travels  smoothly  w ith  the  inplane 
rotating  field  as  in  the  ease  of  the  circular  disk  or  an  equivalent  pattern.  This  criterion 
can  be  met  with  the  present  C circuit  or  half  disk  circuit  design  where  bubbles  are 
essentially  propagating  along  a smooth  permalloy  boundary.  A lest  circuit  is  being 
designed  to  evaluate  this  concept. 
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5.3  DKCODKR  AND  TRANSFKR  SWITCH  DKSIC.NS 


A series  of  retarding  type  decoder  switches  are  being  designed.  The  design 
goal  is  to  establish  a low  power  retarding  switch  which  may  operate  with  the  s mic 
operating  margin  as  the  propagation  circuit.  The  basic  design  uses  a straight  con- 
ductor line  crossover  of  the  propagation  element.  When  a current  pulse  is  passing 
through  the  conductor,  it  may  generate  either  an  attractive  pulse  or  a repulsive  pulse 
which  will  hold  the  bubble  from  propagating  forward,  thus  retarding  the  propagation  by 
one  cycle.  The  propagation  element  used  is  the  same  as  in  the  normal  path  and  the 
variation  parameter  is  the  conductor  width  and  placement. 

Resides  the  retarding  switch,  the  possibility  of  using  a transfer  switch  between 
two  parallel  paths  as  a decoder  switch  will  also  be  explored.  1'his  type  of  switch 
is  intrinsically  more  difficult  to  design  than  the  retarding  type  switch.  It  does  not  ho  were 
require  a time  slot  for  the  retarded  bubble,  thus  it  requires  less  space  and  less 
decoding  delay  than  the  retarding  type  decoder. 

5.  1 OX-CIIIP  CORRFC  1'ION  SCIIIMI  S 

To  achieve  a reasonable  yield  for  the  large  capacity  chip  it  is  essential  to  have 
fault  tolerant  capability  in  the  norage  organization,  because  of  the  large  block 
capacity  in  the  present  design  it  is  unlikely  that  it  will  be  possible  to  adopt  the  same 
off-chip  correction  approach  proposed  in  multiple  storage  loop  major-minor  type 
organization.  Therefore,  different  on-ehip  correction  schemes  have  to  be  developed. 

The  simplest  approach  involves  a physical  correction  on  the  permalloy  propagation 
path.  The  basic  concept  is  as  follows:  a chevron  propagation  path  is  expanded 
vertically  and  splits  into  two  different  paths.  1 5 v selectively  etching  one  of  the  paths 
away  the  bubble  is  forced  to  propagate  through  the  remaining  path,  the  reason  for 
using  a multiple  chevron  design  is  its  tolerance  to  minor  geometry  imperfections. 

Thus,  a certain  misalignment  is  allowed  during  the  selective  etching  process.  The 
other  advantage  of  using  this  type  of  structure  is  that  it  can  be  used  as  a l ias  con- 
trollable passive  replicator.  At  low  bias  field,  the  bubbles  are  fully  stretched  in  this 
circuit  and  can  be  replicated  into  two  for  each  propagation  path.  However,  when  the 
bias  field  is  high,  bubbles  will  not  be  fully  stretched  and  will  shrink  to  tiie  top  edge 
of  the  chevron  track  and  only  propagate  along  one  path.  Therefore,  there  are  two 
propagation  states,  replicate  and  non- replicate,  in  this  circuit  arrangement,  and 
they  can  be  controlled  through  bias  pulsing.  This  propagation  characteristic  can  be 
used  for  wafer  level  testing  in  selecting  the  defect  free  propagation  paths. 
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SECTION  VI 


SYSTEM  CONCEPTS  STUDY 


As  of  this  time  only  certain  preliminary  and  general  system  considerations  have 
been  evaluated.  Some  system  aspects  such  as  the  chip  to  electronics  interface  are  of 
immediate  interest  because  the  chip  design  and  organization  is  constrained  by  the 
number  of  components,  the  power,  etc.  of  the  system.  Therefore,  most  of  the 
systems  analysis  support  for  this  program  will  be  directed  towards  projecting  con- 
ceptual chip  organization  and  parameters  to  a H)l-  memory  by  analytical  and  graphical 
methods. 

Tradeoff  studies  have  been  started  to  determine  the  optimum  chip  organizations 
that  would  result  in  the  best  system  design  with  respect  to  number  of  components, 
modular  arrangements  and  physical  construction.  System  parameters  to  be  studied 
are: 

1.  Chip  organizations 

2.  System  module  size 

3.  Multiple  signal  bus  arrangements 

I.  Fault  tolerant  loop  selection 

5.  Controller  requirements 

6.  System  data  rates 

7.  System  power 

s.  System  physical  size,  weight,  etc. 

The  basic  system  model  is  shown  in  Figure  10  and  consists  of  a controller  and 
a number  of  memory  module  units.  Each  module  unit  must  be  self-contained  and  be 
operated  using  a signal  and  control  bus  system.  A graph  was  made  show  ing  the  number 
of  chips  and  modules  required  for  a 10^-  system  using  chips  with  a 1.  6 x 10s  bit 
capacity. 

In  order  to  obtain  the  system  data  rate  of  30  MIlz  a number  of  chips  in  parallel 
must  be  processed.  Figure  11  shows  this  number  as  a function  of  the  basic  field 
rotational  rate  and  the  number  of  detector  outputs  from  a chip. 

The  full  results  of  the  system  conceptual  study  will  be  presented  in  the  next 
interim  report,  (sec  also  Ref  13) 


PRECEDING  PAGE  3UNK-WT  jrII;^D 


I 


SIGNAL,  CONTROL  BUS 


Figure  10.  10  Bit  System  Model 


SECTION  VII 


SUMMARY 


Encouraging  small  bubble  material  properties  have  been  obtained  with  an 
YSmTmGaIG  composition.  Film  samples  have  been  submitted  for  device  evaluation 
at  both  8 pm  and  4 pm  periods.  A Ge- substituted  variation  of  this  composition  is 
being  formulated  to  extend  the  temperature  range  of  operation. 

A more  rigorous  analysis  of  self-biased  structures  has  been  carried  out.  The 
results  provide  better  insight  into  the  criteria  that  the  material  parameters  and  device 
structures  must  satisfy  for  stable  variable  temperature  operation.  Preliminary 
material  and  device  processing  studies  have  been  initiated  on  self-biased  structures. 
The  design  of  components  to  test  the  hybrid  chip  and  wafer  level  integration  concepts 
is  proceeding.  A test  chip  has  been  submitted  to  CAD  (computer  aided  design). 

The  system  concepts  study  is  at  an  early  stage  but  will  be  completed  in  the 
interval  of  the  next  interim  report. 

In  general  the  program  is  proceeding  on  schedule  and  according  to  plan. 
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